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[57] ABSTRACT 
When a data read timing of a DMAC is not matched 
with an output timing of data read out from a DRAM, 
the readout data is held in a register until a subsequent 
data read timing of the DMAC comes to the front. 
When data is read out from the DRAM, and if a proces 
sor clock of the DMAC has a phase matched with that 
of an operation clock of the DRAM, then a direct read 
operation is performed. If the phases of the two clocks 
are not matched with each other, the readout data from 
the DRAM is temporarily stored in the register and 
then fetched in the DMAC. 

364/200 MS File, 900 MS File 14 Claims, 6 Drawing Sheets 

DMAC \ 
(DSPl 3‘ 

61 r———— 5r 1"—_—‘_| 
——<= REGISTER cum. Pom 
|?> ( 1 1 sun»- 1 1 L______l 

6\ v 
ass 
(~1 r 

2 4 a 
1 1 1 

DUAL DUAL 
5st; m 
(-—1 s (~1 

n 

DRAM 
(SRAM) \1 

1; B m E 15 E151‘; a § F E 
:7, l) I.) (J a 

MEMORY 
‘ CRDY CONTROLLER DRDY 





U.S. Patént Aug. 10, 1993 Sheet 2 of 6 5,235,694 

__ 

CRDY 
DRDY 

mmw C 

w 

mohgmmzww M93»; 02-22. 
70 

I 

ARBI TER 

JTC 
W 
DTI-IS 

PHASE 
T DETECTOR 

(SO-SI) 

CPU STATUS 
DMAC STATUS 

CLK 

FIG. 2 



US. Patent Aug. 10, 1993 Sheet 3 of 6 5,235,694 

CLK (ISMHZ) 

DMAC CLOCK 
( 8MHZ ) 
DMAC BUS STATUS l——-—TS 

DMAC STATU ' " 
OUTPUT (@051) 0 

IE 

BFFS 
MEMORY _, 
OPERATION STATE 

FE 

CAS 

WE 

K OUTPUT ENABLE 
FOR BUFFER5 15-65 

L OUTPUT ENABLE 
FOR TBUF‘FER4 66E 

M ROE 

wRITE PROCESSING 
,» FOR CPU AccEss HIQTImUOmJQ 

( 

(INSIGNIFICANT) 
N RCLK (CLK+ ROY) 

0 DATA OUTPUT 
OF DRAM 

P REGISTER OUTPUT --T-R*-'s-'-r5@ 

0 RF? 1 

R W 

\ 3$T$MFE°HE° 

FIG. 3 



US. Patent 

/ 
A 

C 

D 

E 

Aug. 10, 1993 Sheet 4 of 6 5,235,694 

CLK 
STATUS OUTPUT 
DMAC 

RCLK 

DATA OUTPUT 
OF DRAM 

TR! - STATE REG! STER 
OUTPUT 

<2>PR0CESSING 
# FOR DMAC ACCESS _, 

l "I 
MEMORY 
OPERATI ON 
STATE 

< I >PROCESSI NG 
FOR CPU ACCESS 

<3>PROCESSING 
FOR CPU ACCESS 

FIG. 4 



U.S. Patént Aug. 10, 1993 Sheet 5 of 6 5,235,694 

DMAC \_ 
(DSP) 3“ 

6A 5*A I____l 
_“° REGISTER DUAL RT D_'____ 

> ( 4 ) BUF F ( ) 
L____J 

6\ v 
REG 
(->) 

2 4 3 
I l ! 

882% was‘? 
CPU BUFF BUFF “MAC 

(‘-4 5\ (‘4 
Q 1 ‘f n 

DRAM 
(SRAM) \i 

8 l" FF“ Bwlé?f ‘3 E 8 a: u l; E 8 % E 
+- v 0 l 
U) (D 

_ MEMORY 

CRDY CONTROLLER t2L3RDY 

FIG. 5 





5,235,694 
1 

MULTI I/O DEVICE SYSTEM USING 
TEMPORARY STORE OF RAM DATA WHEN 

ASSOCIATED COMMUNICATING I/O'DEVICES 
ARE OPERATING AT VARIOUS CLOCKING 

PHASES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to control of a memory 

apparatus including a CPU (Central Processing Unit), a 
DMAC (Direct Memory Access Controller), and a 
DRAM (Dynamic Random Access Memory), and to an 
optical ?ling system using this memory control. 

2. Description of the Related Art 
When a processor clock period of a CPU or a DMAC 

and an operation clock of a DRAM are the same but 
their phases do not match each other, one of the proces 
sor clock and operation clock is removed by one clock 
to perform phase matching so that a transit point of the 
processor clock matches that of the DRAM operation 
clock. Therefore, a circuit design of a memory appara 
tus can be made easy by designing an output timing of 
data read out from a DRAM to be matched with a 
transit point of an operation clock of the DRAM. 
As development of CPU techniques has progressed 

and speed of a CPU processor clock has been increased, 
however, speed of a DRAM operation clock must be 
increased (or an access time of a DRAM must be short 
ened) accordingly. When a DMAC is operated with a 
low~speed processor clock, even if the output timing of 
readout data from the DRAM is matched with the 
transit point of the DRAM operation clock, this output 
timing does not always coincide with the transit point of 
the CPU processor clock. As a result, a throughput in 
data processing of an optical ?ling system, including the 
memory apparatus, becomes low. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide memory control in which even if the data read 
timing of a CPU or a DMAC does not match the output 
timing of readout data from a memory, the memory can 
transit to the next memory access cycle without waiting 
for a subsequent data read timing of the CPU or the 
DMAC. 
Another object of the present invention is to provide 

an optical data ?ling system employing the above mem 
ory control. 

In order to achieve the above object, a memory con 
trol system of the present invention comprises a mem 
ory means for storing data and operating by a predeter 
mined operation cloclt, a ?rst read means for operating 
by a processor clock having a period which is an even 
multiple of a period of the operation clock of the mem 
ory means, a second read means for operating by a 
processor clock having a period which is an even multi 
ple of the period of the operation clock of the memory 
means, a register means for temporarily storing data 
read out from the memory means when an output tim 
ing of the data read out from the memory means falls in 
the middle of the processor clock of the ?rst or second 
read means, means for detecting a transit point of the 
processor clock of the ?rst or second read means, and a 
control means for outputting the data stored in the 
register means to the ?rst or second read means in syn 
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chronism with the transit point of the processor clock 
detected by the detecting means. 
According to the present invention having the above 

arrangement, if a data read timing of the ?rst or second 
read means does not match an output timing of readout 
data from the memory means, the readout data is re 
tained in the register means until a subsequent data read 
timing of the ?rst or second read means comes to the 
front. Thus, the control means can immediately transit 
to the next memory access cycle. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and in 
part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and ob 
tained by means of the instrumentalities and combina 
tions particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo 
rated in and constitute a part of the speci?cation, illus 
trate presently preferred embodiments of the invention 
and, together with the general description given above 
and the detailed description of the preferred embodi 
ments given below, serve to explain the principles of the 
invention. 

FIG. 1 is a block diagram showing an arrangement of 
a memory apparatus according to an embodiment of the 
present invention; 
FIG. 2 is a block diagram showing an arrangement of 

a memory controller; 
FIGS. 3A to 3R are timing charts showing an opera 

tion performed when a clock phase of a DRAM is not 
matched with a clock phase of a DMAC; 
FIG. 4 is a timing chart showing an operation per 

formed when an operation timing of the DRAM 
matches a bus timing of the DMAC: 
FIG. 5 is a block diagram showing an arrangement of 

a memory apparatus according to another embodiment 
of the present invention; and 
FIG. 6 is a block diagram showing an arrangement of 

an optical ?ling system incorporating the memory appa 
ratus of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 
be described in detail below with reference to the ac 
companying drawings. 
FIG. 1 shows an arrangement of a memory apparatus 

according to the present invention. This memory appa 
ratus can be used in an optical data ?ling system in 
which data recording and data reproducing on and 
from a recording medium (such as MO disks and hard 
disk drives) are performed according to given program 
instruction data. 

Referring to FIG. 1, reference numeral 1 denotes a 
DRAM (Dynamic Random Access Memory); 2, a CPU 
(Central Processing Unit); 3, a DMAC (Direct Memory 
Access Controller); 4, a dual port buffer arranged be 
tween DRAM l and CPU 2; 5, a dual port buffer ar 
ranged between DRAM 1 and DMAC 3; 6, a read regis 
ter arranged between DRAM 1 and DMAC 3 in paral 
lel with bu?‘er 5; 7, a memory controller for controlling 
the above parts; and 8, a clock oscillator for generating 
various types of clocks. 
A processor clock (e.g., 16 MHz) of CPU 2 has a 

period which is 2 n (n=4) times that of an operation 
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clock (e.g., 4 MHz) of DRAM 1. These clocks are ob 
tained by frequency-dividing an oscillator output hav 
ing an original oscillation frequency of 32 MHz by 
oscillator 8. 
A processor clock (e.g., 8 MHz) of DMAC 3 has a 

period which is 2 m (m=2) times that of the operation 
clock (e.g., 4 MHz) of DRAM 1. These clocks are ob 
tained by frequency-dividing the oscillator output hav 
ing an original oscillation frequency of 32 MHz by 
oscillator 8. 

Note that a combination of the CPU and the DMAC 
is not limited to the above combination. For example, 
two CPUs which operate by different processor clocks 
(having a period which is 2 n times that of an operation 
cloclt of a DRAM) may be used in combination with 
each other. In addition, DRAM 1 may be used in com 
bination with or replaced by an SRAM or a ROM. 
FIG. 2 shows an internal arrangement of memory 

controller 7. 
Memory controller 7 comprises arbiter 7c. timing 

pulse generator 7b. and phase detector 7c. 
Arbiter 7a receives a status from CPU 2 or DMAC 3 

and supplies a start signal to timing pulse generator 7b. 
During an operation, arbiter 7:: holds the request. 
Timing pulse generator 7b receives the start signal 

from arbiter 7a and generates various types of signals 
corresponding to the status. 
Examples of the signal generated by timing pulse 

generator 7b are a ready signal (CRDY) for CPU 2, a 
ready si al (DRDY) for DMAC 3, an output enable 
signal ( ) for buffer 4, an output enable signal m) 
for buffer 5, a read clock pulse signal (RCLK) for regis 
ter 6, a row address strobe signal (Tag), a column ad 
dress strobe signal (m), and a write enable signal 
(WE for DRAM 1, and a read/write switch signal 
(11% for buffers 4 and 5. Timin pulse generator 7b 
also generates a ready signal Y) for phase detector 
7c. 

Phase detector 7c receives the status and a phase 
signal m) from DMAC 3 and RDY from timing 
pulse generator 7b and generates an output enable signal 
(RUE) for register 6 in accordance with CLK. 
An operation of the above arrangement will be de 

scribed below. 
A memory read operation (WE=“1" in FIG. 3]) 

performed by DMAC 3 when a phase of a processor 
clock of DMAC 3 is not matched with a phase of an 
operation clock of DRAM 1 will be described with 
reference to FIGS. 3A to 3R. 
When the phases of the DRAM and the DMAC are 

not matched, hase detector 7c detects a timing at 
which signal 31 (FIG. 3D) as a status output from 
DMAC 3 changes to LOW, thereby determining the 
phase of the processor clock of DMAC 3. 

In this case, signal m (FIG. 35) indicating a state of 
signal 30-31 obtained one clock after signal CLK (FIG. 
3A) is made from above signal 30-31, and signal DPHS 
(FIG. 3F) indicating the phase of the processor clock of 
DMAC 3 is forcibly changed to LOW level (time t1) 
under the conditions of “§0~§1=LOW (0 ” and 
“D§=HIGH (1)". Except for the above conditions, 
signal DISH-S takes a logic value opposite to that of 
previous 5%. 
As a result, after the ?rst leading ed e (time t1) of 

signal CLK as “§0~§| =LOW”, signal Sis changed 
like “0, l, 0, l, . . .” at each leading edge of signal CLK 
(FIG. 3A), and this value directly indicates the phase of 
the processor clock of DMAC 3 at each leading edge of 
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4 
signal CLK. That is, the phases of signal DPHS and the 
processor clock of DMAC 3 are matched with each 
other. 

In this case, assume that the phase of the processor 
clock of DMAC 3 can be determined from only signal 
s03, (FIG. 3D). . 

In a certain type ofa DMAC in which a clock (16 
MHz) having a frequency twice that of the processor 
clock (8 MHz) of DMAC 3 shown in FIG. 1 must be 
input to a chip, this clock (16 MHz) is internally fre 
quency-divided but is not externally output. Therefore, 
signal DPHS is made from signal 50-31 without referring 
to the processor clock of DMAC 3. 

In general, since a LOW-level duration (FIG. 3D) of 
signal 30-51 is not delayed beyond a period (125 us at 8 
MHz) of signal CLK (FIG. 3B) of the DMAC, the 
phase of phase signal Ems can be used in determina 
tion. 

In this manner, the phase of the processor clock of 
DMAC 3 can be determined from signal 15%. That is, 
when "DPHS=LOW", the leading edge of signal CLK 
corresponds to a transit point between cycles of the 
processor clock of the DMAC, i.e., a transit point of a 
bus status (T s : status state or To : command execute 
status in FIG. ac). When "BFHS=HIGH", the leading 
edge of signal CLK is in the middle of the cycle (bus 
active status). 

In the state shown in FIGS. 3A to 3R, if a memory 
read access from DMAC 3 starts (if an access from 
DMAC 3 unconditionally starts without an access re 
quest from CPU 2) at the leading edge of above signal 
CLK, signal m (FIG. 3H) rises. Subsequently, signal 
CA3 (FIG. 31) falls, and signal 185? (FIG. 3Q) goes 
low at the leading g? (time t2) of signal CLK under 
the condition of “ =LOW". 

This signal R15? indicates the end of an operation of 
DRAM l. The leading edge (time t3) of signal CLK 
obtained under the condition of "R5Y=LOW" indi 
cates the end of a memory access. 
When the memory access is ended, read data (a data 

output from DRAM 1) is valid (FIG. 30). If, however, 
the condition of "DPTI§=HIGH" is satis?ed (times t2 
to t3), a bus status of DMAC 3 is in the middle of the 
cycle. Therefore, DMAC 3 cannot fetch the read data. 
That is, since DMAC 3 cannot end an instruction execu 
tion cycle except at a transit point of the bus status, it 
cannot fetch the data. In this case, no problem arises if 
signal m is at LOW (time t3). 
For this reason, register 6 is used to hold data until a 

timing at which DMAC 3 fetches the data. In this case, 
the read data (FIG. 30) is fetched in register 6 whenever 
a memory access is ended, and the output from register 
6 is enabled when signal R15? goes low (after time t2) 
under the condition of “DFH§=HIGH” (after time t2), 
thereby causing register 6 to output the data (FIG. 3?). 
For this purpose, signal RCLK (FIG. 3N) for fetching 
the read data in register 6 and signal m (FIG. 3M) for 
enabling the output from register 6 are prepared. This 
signal RCLK is obtained by a logical OR of signals 
CLK and EDT. The data is fetched by register 6 at the 
leading edge (time t3) of signal RCLK. 

Since signal R15? (FIG. 3Q) is activated even when 
DMAC 3 does not access, signal RCLK (INSIGNIFI 
CANT indicated in FIG. 3N) is output regardless of the 
operation state. Since, however, DMAC 3 always fet 
ches data in a cycle (times t3 to t4) of signal CLK after 
signal RCLK is output, no problem is posed. 
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In addition, signal W (FIG. 3M) is activated for 
one period of signal CLK (FIG. 3A) at the leading edge 
of signal CLK. when signal RD? goes low under the 
condition of “DFITS=HIGH”, and the data held in 
register 6 is output to DMAC 3 (time t4). 
The memory read operation from DMAC 3 is ended 

as described above when the transit point of the opera 
tion state of DRAM 1 is not matched with the transit 
point of the bus status of DMAC 3. 

Signal m (FIG. 3R) is output to command 
DMAC 3 to end an instruction execution cycle which is 
currently being executed. Signal W is generated 
for two periods of signal CLK IG. 3A) under the 
conditions of "m=LOW”, “ =HIGH”, and 
“DPF§=HIGH" or the conditions of " =LOW", 
“m=LOW", and “DFIT§=HIGH“. 
FIG. 4 shows a memory read operation performed by 

DMAC 3 when the transit point of the operation state 
of DRAM 1 is matched with the transit point of the bus 
status of DMAC 3. 
FIG. 4 illustrates that readout data is fetched in 

DMAC 3 at the end timing of memory access process 
ing. That is, when the phase of the processor clock of 
DMAC 3 is matched with the phase of the operation 
clock of DRAM 1, read data is fetched directly in 
DMAC 3 via buffer 5 without being temporarily held in 
register 6. 
FIG. 5 shows a modi?cation of the memory appara 

tus shown in FIG. 1. An arrangement shown in FIG. 5 
includes second DMAC (or a co-processor such as a 
digital signal processor) 3A, and dual port buffer 5A 
and register 6A for interfacing between DMAC 3A and 
DRAM I in addition to the arrangement shown in FIG. 
1. 
More speci?cally, the present invention is not limited 

to the combination of one CPU and one DMAC but can 
be applied to an apparatus including a plurality of CPUs 
and a plurality of peripheral chips (such as a DMAC 
and a digital signal processor). 
FIG. 6 shows an arrangement in which memory ap 

paratus 100 shown in FIG. 1 is incorporated in an opti 
cal ?ling system. Referring to FIG. 6, CPU 2 and 
DMAC 3 coupled to memory 1 via buffer 4 and buffer 
5, respectively, are connected to ?rst bus 11 via arbiter 
10 and to second bus 21 via arbiter 20. Bus 11 is con 
nected to optical disk unit 12, hard disk drive 13, floppy 
disk drive 14, keyboard 15, mouse 16, and communica 
tion unit 17. Bus 21 is connected to page memory 22, 
display memory 23 connected to CRT 24, and CODEC 
25 connected to scanner 26 and printer 27. 

In the optical ?ling system having the above arrange 
ment, memory apparatus 100 having register 6 can ac 
cess memory 1 at a high speed regardless of a state of 
clock phases of CPU 2 and CMAC 3 having different 
operation speeds. 
As described above, when the data read timing of the 

DMAC is not matched with the read data output timing 
of the DRAM, the readout data is held in the register 
until the data read timing of the DMAC. 
That is, when phases of the processor clock of the 

DMAC and the operation clock of the DRAM are 
matched with each other at a timing of reading out data 
from the DRAM, a direct read operation is performed. 
If, however, the two phases are not matched with each 
other, the readout data from the DRAM is temporarily 
held in the register and then fetched in the DMAC. In 
this manner, even when the data read timing of the 
DMAC is not matched with the read data output timing 
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of the DRAM, a new memory read operation is enabled 
when the memory access processing from the DMAC is 
ended. Therefore, the next memory access cycle can be 
started before the data read timing of the DMAC. 
Note that the present invention is not limited to the 

above embodiments but can be variously modi?ed and 
carried out without departing from the spirit and scope 
of the invention. 

Additional advantages and modi?cations will readily 
occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the speci?c 
details, and representative devices, shown and de 
scribed. Accordingly, various modi?cations may be 
made without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended 
claims and their equivalents. 
What is claimed is: 
1. An optical data ?ling system in which data record 

ing and data reproducing on and from a recording me 
dium are performed according to given program in 
struction data, said system comprising: 
memory means, operating by a predetermined clock, 

for storing the program instruction data; 
?rst access means, operating by a ?rst processor 

clock having a frequency which is an even multiple 
of a frequency of the predetermined clock, for 
accessing said memory means to obtain the pro 
gram instruction data; 

means for generating a phase signal that is synchro 
nized with signal level changes of the ?rst proces 
sor clock; ' 

temporary memory means for temporarily storing 
data read out from said memory means when the 
phase signal and the ?rst processor clock are syn 
chronized at a HIGH level during a cycle of the 
predetermined clock; and 

means for transferring the data temporarily stored in 
said temporary memory means to said ?rst access 
means when the signal level of the phase signal 
changes. 

2. A system according to claim 1, further comprising: 
means for supplying the data from said memory 
means to said ?rst access means when a timing at 
which the data is read out from said memory means 
is substantially synchronous to the signal level 
changes of the ?rst processor clock. 

3. A system according to claim 1, further comprising: 
second access means, operating by a second proces 

sor clock having a frequency which is an even 
multiple of the frequency of the predetermined 
clock and synchronized with the ?rst processor 
clock, for accessing said memory means. 

4. A system according to claim 3, further comprising: 
means for supplying the data from said memory 
means to said ?rst and second access means when 
the timing at which the data is read out from said 
memory means is substantially synchronous to the 
signal level changes of the ?rst processor clock and 
the second processor clock. 

5. A system according to claim 3, wherein 
said ?rst access means generates a ?rst status signal 

for indicating an operation state thereof, 
said second access means generates a second status 

signal indicating an operation state thereof, and 
said transfer means includes: 
means for arbitrating the ?rst status signal and second 

status signal at a timing of generation of a clock 
synchronized with the predetermined clock, and 
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generating signals for operating said memory 
means, said ?rst access means, and said second 
access means at a signal timing obtained by arbi 
trating. 

6. A system according to claim 3, wherein 
said memory means includes a read/write memory, 
and 

said ?rst access means includes a direct memory ac 
cess controller coupled to said read/ write memory. 

7. A memory control apparatus, comprising: 
memory means, operating by a predetermined clock, 

for storing data processed in said memory control 
apparatus; 

?rst read means, operating by a ?rst processor clock 
having a frequency which is 2 in times that of the 
predetermined clock, for reading out the data from 
said memory means, said at being an integer; 

second read means, operating by a second processor 
clock having a frequency which is 2 n times that of 
the predetermined clock, for reading out the data 
from said memory means, said n being an integer; 

means for generating a phase signal that is synchro 
nized with signal level changes of the ?rst proces 
sor clock; 

temporary memory means for temporarily storing 
data read out from said memory means when a 
predetermined condition is satis?ed; and 

transfer means for transferring the data temporarily 
stored in said temporary memory means in re 
sponse to the phase signal. 

8. An apparatus according to claim 7, wherein the 
predetermined condition de?nes a timing at which the 
data is read out from said memory means when the 
phase signal and the ?rst processor clock are synchro 
nized at a HIGH level during a cycle of the predeter 
mined clock. 

9. An apparatus according to claim 7, further com 
prising: 
means for directly supplying the data from said mem 
ory means to said ?rst and second read means when 
the timing at which the data is read out form said 
memory means is substantially synchronous to the 
signal level changes of the ?rst and second proces 
sor clocks. 

10. An apparatus according to claim 7, wherein 
said memory means includes a read/write memory, 
and 

5 

8 
said ?rst read means includes a direct memory access 

controller coupled to said read/write memory. 
11. An apparatus according to claim 10, further com 

prising: 
a ?rst bus connected to an optical disk unit; and 
a ?rst arbiter for connecting said ?rst bus to said 

direct memory access controller so as to avoid 
contention in data transfer. 

12. An apparatus according to claim 11, further com 
10 prising: 
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a second bus connected to memory devices; and 
a second arbiter for connecting said second bus to 

said direct memory access controller so as to avoid 
contention in data transfer. 

13. A memory apparatus comprising: 
memory means, operating by a predetermined opera 

tion clock, for storing data; 
?rst means, operating by a processor clock having a 

frequency which is 2 n times that of the operation 
clock of said memory means, for accessing said 
memory means, said a being an integer; 

second means, operating by a processor clock having 
a frequency which is 2 m times that of the opera 
tion clock of said memory means, for accessing said 
memory means, said at being an integer; . 

register means for, when said memory means is ac 
cessed and the data is read out therefrom, and if an 
output timing of the data read out from said mem 
ory means falls in the middle of the processor clock 
of said ?rst or second means, temporarily storing 
the data; 

means for detecting changes in the signal level of the 
processor clocks of said ?rst and second means; 
and ' 

means for outputting the data stored in said register 
means to said first or second means synchronized 
with the changes in the signal level of the processor 
clock detected by said detecting means. 

14. An apparatus according to claim 13, further com 
40 prising: 

45 

$5 

65 

means for, when an output timing of data read out 
from said memory means matches the changes in 
the signal level of the processor clocks of said ?rst 
and second means during a data read operation of 
said memory means, outputting the data to said ?rst 
and second means without passing through said 
register means. 
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